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Abstract
Purpose—There has been reluctance to use intraoperative transesophageal echocardiography
(TEE) in small infants. We assessed the utility and safety of a new miniaturized multiplane microTEE probe in small infants undergoing cardiac operations.
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Description—Hemodynamic and ventilation variables were prospectively recorded before and
after micro-TEE insertion and removal in infants weighing 5 kg or less undergoing cardiac
operations.
Evaluation—The study included 42 patients with a mean weight of 3.6 ± 0.9 kg (range, 1.7 to 5
kg). All probe insertions were successful. There were no complications or clinically significant
changes in hemodynamic or ventilation variables. Information provided by TEE resulted in
surgical revision in 6 of the 42 patients.
Conclusions—The micro-TEE provides high quality, useful diagnostic images without
hemodynamic or ventilation compromise in small infants undergoing cardiac operations. This
advance is important with the growing trend towards complete repair of complex structural heart
disease in small infants.
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Intraoperative transesophageal echocardiography (TEE) has been demonstrated to have a
major effect in pediatric cardiac operations [1]. Increased morbidity, mortality, and costs [2,
3] can be expected when a patient leaves the operating room with significant residual
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defects. Although the overall incidence of complications for TEE is low, TEE has some
disadvantages that have limited its use. Reported complications include failure to
successfully insert the probe, aortic and airway compression resulting in hemodynamic or
ventilatory compromise, inadvertent tracheal extubation, and esophageal or gastric trauma,
including perforation. These complications and failures have been reported predominantly in
smaller patients [1, 4].

Technology

Author Manuscript

The miniaturized multiplane micro-TEE probe (Philips Medical Systems, Andover, MA) has
a shaft width of 5.2 mm, a transducer tip width of 7.5 mm, and a height of 5.5 mm (Fig 1).
In comparison, the commonly used mini-multitransducer has dimensions of 7.5, 10.6, and 8
mm, respectively. The micro-TEE transducer is a 32-element phased array that is equipped
with 2 dimensional, color, pulse wave, high pulse repetition frequency, continuous-wave
Doppler, M-mode, and color flow M-mode. It has a center frequency of 6 MHz (range. 3.2
MHz to 7.4 MHz). There is a 180° manual image plane control with angular display,
anterior and posterior articulation, and an articulation brake. The transducer has tip
temperature sensing and display for added safety.

Technique
Patients
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Infants weighing 5 kg or less undergoing cardiac operations with intraoperative TEE
examination at the Medical University of South Carolina were prospectively enrolled after
Institutional Review Board approval and guidelines were met. The clinical indication for
TEE was at the discretion of the cardiothoracic surgeon and cardiologist. Exclusion criteria
were standard contraindications to TEE, including esophageal obstruction and tracheoesophageal fistula.
Study Design
Patient demographics and anthropometric measurements were recorded. After the induction
of general anesthesia, hemodynamic and ventilatory measurements were recorded.
Hemodynamic measurements included heart rate, systolic, diastolic, and mean systemic
arterial blood pressure. Ventilatory measurements included peak inspiratory pressure,
corresponding tidal volume, and end tidal carbon dioxide.
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Only experienced senior echocardiography fellows or attending echocardiographers
performed probe insertion, manipulation, and withdrawal. Insertion depth was determined
according to visualization of intracardiac structures. During the probe insertion, the patient
was closely monitored for hemodynamic and ventilatory complications by the
anesthesiologist. The hemodynamic and ventilatory measurements were repeated after probe
insertion and then continuously monitored by the anesthesiologist and pediatric cardiologist
during the entire course of the TEE evaluation. Blood pressure was monitored continuously
by a femoral or umbilical arterial catheter. Cerebral near-infrared spectroscopy was
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monitored in all patients as a surrogate for cerebral perfusion because TEE compression of
head and neck vessels has been reported.
After final TEE assessment of the surgical repair had been completed, all hemodynamic and
ventilatory measurements were repeated before and after micro-TEE removal. A clinically
significant change was defined as a 20% difference between the measurement before and
after TEE insertion or a disruption in hemodynamics or ventilation necessitating premature
removal of the TEE probe.
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Statistical analysis was performed using a paired two-tailed t test to compare the two sets of
measurements: before and after micro-TEE probe insertion and before and after micro-TEE
probe removal. A value of p ≤ 0.05 was considered significant. A power analysis (PS 3.0.5
software, Vanderbilt University, Nashville, TN) at a power of 0.80 and an α level of 0.05
was performed for each variable to determine the likelihood of detecting a 20% difference
between the before and after measurements. The diagnostic accuracy of the study was
confirmed by the surgical report or a postoperative transthoracic echocardiogram in the
cardiac intensive care unit.

Clinical Experience
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The study enrolled 42 patients, of whom 16 weighed 3.5 kg or less. The mean weight was
3.6 ± 0.9 kg (range, 1.7 to 5 kg) and the mean age was 1.9 ± 1.5 months (range, 0.2 to 4.7
months). All micro-TEE insertions were successful. The micro-TEE probe provided
excellent quality diagnostic and Doppler images for all 42 patients studied (Figs 2, 3, and 4).
None of the micro-TEE probes had to be prematurely terminated. There were no
complications or clinically significant changes in hemodynamic or ventilatory variables in
the group as a whole or in any individual patient that could be attributed to the micro-TEE.
Continuous monitoring of hemodynamic and ventilatory variables by anesthesia and
pediatric cardiology during the entire course of the TEE demonstrated that manipulations of
the probe, including insertion, flexion, transgastric imaging, and removal were well
tolerated. Minor changes to the ventilator settings were required in a patient who weighed
1.7 kg.
The intraoperative TEE findings resulted in surgical revisions in 6 patients, 3 of whom
weighed 3.5 kg or less. The indications for surgical revision determined by the
intraoperative TEE included common atrioventricular valve replacement, mitral valve repair,
tricuspid valve repair, pulmonary artery band adjustment (2 patients), and coronary fistula
ligation.
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All studies performed with the micro-TEE probe were of sufficient quality to adequately
evaluate the cardiac operation. No diagnostic discrepancies were found by surgical report or
by postoperative transthoracic imaging in the intensive care unit.

Comment
With the advances in cardiac surgical techniques, anesthesia, and perioperative care,
complete repair of complex structural heart disease in early infancy has become increasingly
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more successful and popular, thus necessitating a safe and effective imaging technique for
small infants [5]. Past efforts to advance intraoperative imaging in small infants have been
limited by the large size of available probes. Current manufacturer guidelines recommend
3.5 kg as the lower weight limit for the pediatric multiplane TEE probe. Although the
overall incidence of complications is low, several surgical centers describe difficulties with
standard biplane or pediatric multiplane TEE probes in their small patients (≤4 kg), such as
inability to pass the probe, airway compression, or hemodynamic disturbances [1, 4, 6].
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Andropoulos and colleagues [7] demonstrated the safety of TEE in 23 infants who weighed
between 2 and 5 kg; however, the experience was limited to biplane imaging. Bruce and
colleagues [6] described the use of a miniaturized ultrasound transducer-tipped catheter,
originally designed for intracardiac use, as an alternative to TEE for very small infants. This
catheter was placed successfully in 22 patients, and there were no cases of hemodynamic
compromise or airway resistance. Unfortunately, the diagnostic potential and safety of this
technique is constrained by its single (longitudinal) plane imaging and lack of tip
temperature sensing. More recently, Scohy and colleagues [8] described the safety and
utility of the Oldelft (Oldelft Corp, Delft, The Netherlands) micro-multiplane TEE probe in
neonates, but infants weighing 2.5 kg or less were not included.
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Patients who leave the operating room with significant residual defects have increased
morbidity and mortality [9]. Intraoperative TEE has been found to be cost-effective, with a
greater effect on younger patients [1, 2]. In a recent study of more than 50,600 postnatal
echocardiograms, Benavidez and colleagues [10] identified patient weight of less than 5 kg
as an independent predictor of diagnostic errors in echocardiography. These observations
highlight the importance of high-quality intraoperative TEE in infants for confirmation of
the preoperative diagnosis and evaluation of the surgical repair. Despite these well-described
advantages and benefits of intraoperative TEE, our smallest surgical patients had been
excluded from this imaging modality. Owing to safety concerns and limitations in
technology, our institution historically had not routinely performed intraoperative TEE in
infants weighing 3.5 kg or less or in patients who did not require cardiopulmonary bypass.
The micro-TEE enabled us to shift our paradigm of intraoperative imaging for the small
infant. The small probe size and high-quality images allowed us to extend this important
diagnostic tool to even our smallest surgical patients without compromising hemodynamic
or ventilation variables. We were able to perform intraoperative studies in 16 patients who
would have otherwise not had a TEE at our institution secondary to weight of 3.5 kg or less.
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We speculate that this advance may be an early step towards the ability to provide
continuous echocardiographic monitoring of images and echo-derived hemodynamic
variables in patients who are critically ill and require life support in scenarios that are not
restricted to the intraoperative environment.
A limitation to this study is a lack of a comparison study on each patient with a standard
biplane or pediatric multiplane TEE to evaluate image quality. Comparison studies were not
performed because many infants were well below the manufacturer’s lower weight limit of
3.5 kg for the standard TEE probe. In addition, intraoperative exchange of the TEE probe
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posed increased risk for disruption and unintentional extubation. Despite the lack of TEE
comparison, no diagnostic discrepancies were found by surgical report or postoperative
transthoracic imaging. Because all of our studies were successful without significant
hemodynamic or ventilatory changes, we have yet to determine the lowest weight and size
limit for this micro-TEE probe.
In conclusion, we report the use of the multiplane micro-TEE probe in neonates and infants.
Our initial experience demonstrates that the micro-TEE probe provides high-quality, useful
diagnostic images without hemodynamic or ventilatory compromise in small infants. This
advance is especially important with the growing trend towards complete repair of complex
structural heart disease in small infants. We anticipate that the micro-TEE probe will play an
important role in the continued progress of perioperative care for the small infant
undergoing cardiac operations.
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Fig 1.

Dimensions of the micro-multiplane transesophageal echocardiography probe.
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Fig 2.
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This image was obtained in a 3-monthold, 5-kg infant with atrioventricular septal defect and
severe left-sided atrioventricular valve regurgitation. In addition to closing the cleft, the
surgeon created a double-orifice left atrioventricular valve. This 60° image of the surgically
created double-orifice mitral valve demonstrates prograde flow thorough both orifices. (LA
= left atrium; LV = left ventricle.)
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Fig 3.

Simultaneous (A) 2-dimensional and (B) color-flow Doppler images are shown in a 1-weekold, 3.7-kg infant undergoing repair of truncus arteriosus. There is right to left flow across
the ventricular septal defect (asterisk). Note the very short-segment of the main pulmonary
artery arising from the truncal root (T), before bifurcating into the right (R) and left (L)
pulmonary arteries. (LA = left atrium; RV = right ventricle.)
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Fig 4.

Simultaneous (A) 2-dimensional and (B) color-flow Doppler images are shown in a 3-weekold, 2.8-kg neonate undergoing repair of a membranous ventricular septal defect.
Preoperative transthoracic imaging raised concerns for potential tricuspid valve straddling.
Transesophageal imaging demonstrated no chordal tissues crossed the ventricular septum,
and a complete repair was performed. Notice the redundant tricuspid valve tissue obscuring
the defect on 2-dimensional imaging; however, the defect is clearly seen with color Doppler
(black asterisk). There is mild nonobstructive anterior malalignment of the infundibular
septum (white asterisk). (AO = aorta; PA = pulmonary artery; RV = right ventricle.)
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